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Starch is considered an important ingredient in the preparation of safe food. Current study investigates
the physicochemical, morphological, thermal and pasting properties of rice starches, subjected to HMT at
13 g/100 g moisture, at different treatment times (10, 30 and 60 min), directly in the grain paddy rice and
in the isolated starch. HMT reduced extraction yield of rice starch with increasing HMT time. The HMT
starches had lower gelatinisation enthalpy when compared to native starch. HMT in grain reduced
extraction yield of starch by the alkaline method with increasing time of exposure to high temperatures,
altering the structure of starch-protein. The HMT in grains decreases the setback of the isolated starches,
due to amylose-lipid complexation induced by high temperatures applied on modiﬁcation. The hydro-
thermal treatment increased the mechanical and thermal stability of rice starches and promoted the
strengthening of links, forming a more stable structure.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Heat-moisture treatment (HMT) is a physical modiﬁcation that
alters the physico-chemical properties of starch without causing
changes in its molecular structure. Starch is heated above gelati-
nization temperature but with insufﬁcient moisture for gelatini-
sation within a restricted range, generally between 13 and 30 g/
100 g moisture, for a time period that may vary between 15 min
and 16 h (Arns et al., 2014; Maache-Rezzoug, Zarguili, Loisel, Que-
veau, & Buleon, 2008). Heat-moisture treatment does not involve
the use of chemical reagents; therefore HMT starch is an important
ingredient in the preparation of safe food and may be inserted in
food without any restriction of quantity.
Several researchers have studied the effects of HMT on the
structure and physicochemical properties of starches. This treat-
ment changes the granule swelling, amylose leaching, pasting
properties, gelatinization parameters, acid and enzyme hydrolysis,
crystallinity and starch chain interactions (Gunaratne & Hoover,
2002; Hoover & Vasanthan, 1994; Hormdok & Noomhorm, 2007;
Jiranuntakul, Puttanlek, Rungsardthong, Puncha-arnon, & Utta-
pap, 2011; Watcharatewinkul, Puttanlek, Rungsardthong, & Utta-
pap, 2009; Zavareze & Dias, 2011). According to Puncha-Arnon and.
avareze).Uttapaps (2013), these changes in properties would affect the
application of starch in food products, such as noodles and fried
batter food.
HMT starch has been widely used in various applications, such
as food products and production of biodegradable ﬁlms. In foods,
the HMT starches may be used in pasta, bread (Suzuki & Sekiya,
1994) and as an ingredient in canned and frozen products, since
HMT starch has a higher thermal stability and lower retrogradation
when compared to those in native starches (Adebowale, Afolabi, &
Olu-Owolabi, 2005). Further, in food, these starches are also applied
in ingredients to increase the level of resistant starch and slowly
digestible starch (Brumovsky & Thompson, 2001; Chung, Liu, &
Hoover, 2009). Singh, Bawa, Riar, and Saxena (2009), Zavareze,
Halal, et al. (2012), Zavareze, Pinto, et al. (2012) and Khamthong
and Lumdubwong (2012) also reported the use of HMT starch and
ﬂour in biodegradable ﬁlms and thermoplastic materials.
Puncha-Arnon and Uttapaps (2013) compared starch and ﬂour
from the same source of rice kernels in terms of susceptibility to
HMT modiﬁcation. The direct application of HMT in rice seed have
been reported in the literature (Arns et al., 2014), however, effects
of direct application of HMT in rice seed on the extraction yield and
properties of the rice starch are unknown. Current research ana-
lyzes the extraction yield and the physicochemical, morphological,
thermal and pasting properties of rice starches, subjected to HMT,
at a 13 g/100 g moisture rate, at different treatment times, directly
in grain paddy rice and in isolated starch.
Table 1
Starch extraction yield and chemical composition of native rice starch and HMT
grain starches.
HMT time
(min)a
Starch yield
(g/100 g) d.b
Protein
(g/100 g) d.b
Fat
(g/100 g) d.b
Ash
(g/100 g) d.b
Moisture
(g/100 g)
Native 66.5 a 0.42 b 0.03 a 0.20 a 9.36 a
10 40.0 b 0.79 a 0.06 a 0.15 ab 8.36 a
30 33.5 c 0.80 a 0.07 a 0.14 ab 9.45 a
60 20.0 d 0.82 a 0.05 a 0.13 b 9.04 a
d.b.: dry basis; HMT: heat-moisture treatment.
a Data in the same column with different letters are signiﬁcantly different
(p  0.05).
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2.1. Material
Grains of paddy rice cultivar IRGA-424, with 29 g/100 g amylose
(Hoover & Ratnayake, 2001) and 13 g/100 g moisture (AOAC, 2006)
were acquired from the ﬁrm Cooplantio, Pelotas RS Brazil. All the
chemicals and reagents used in this work were of analytical grade.
2.2. Heat-moisture treatment (HMT)
Paddy rice grains were heat-moisture treated with 13 g/100 g
moisture, as arrived (item 2.1). A sample of 280 g of rice grains was
placed in sealed glass tubes and autoclaved at 120 C at 1 kPa
pressure for 10, 30 and 60 min (HMT 10 min, HMT 30 min and HMT
60 min, respectively). The samples were cooled for 4e5 h and then
the grains were stored in a room at 20 C for one week for subse-
quent starch extraction.
The HMT of rice starches was performed on samples at 13 g/
100 g moisture level and equilibrated at 4 C for 24 h. HMT starches
were then placed in sealed glass tubes, autoclaved at 120 C for 10,
30 and 60 min (Hormdok & Noomhorm, 2007). After HMT the
starches were removed from glass tubes and dried at 40 C until
reaching 10 g/100 g moisture, and ground.
2.3. Rice starch isolation
The isolation of rice starch from untreated paddy rice and HMT
paddy rice was performed by alkaline method using 0.1 g/100 mL
NaOH solution, according to Wang and Wang (2004). After the
starch isolation, all samples were dried until 10 g/100 g of moisture
and ground. Starch extraction yield was calculated on the initial
amount of dry weight of milled rice grain.
2.4. Chemical composition
Protein, fat, ash and moisture contents of rice starches were
determined according to methodology by the AOAC International
(2006).
2.5. Scanning electron microscopy (SEM)
The morphology of the starch granules was evaluated using a
scanning electron microscope (Shimadzu SSX-550). The starch
samples were suspended in acetone (1 g/100 mL) and a small
quantity of each sample was spread on the surface of the stub and
dried in an oven at 32 C for 24 h. The samples were coated with
gold and observed by SEM under an acceleration voltage of 15 kV, at
a magniﬁcation of 2000 and 5000.
2.6. Thermal properties
The thermal properties of rice starches were evaluated by dif-
ferential scanning calorimetry (DSC 2010, TA Instruments, New
Castle, USA). A starch sample of 2.5 mg (dry basis) was weighed in
an aluminium pan and distilled water was added to obtain a starch-
water ratio 1:3 (g/g). The pan was hermetically sealed and allowed
to equilibrate for 1 h before analysis. The sample pans were then
heated from 20 to 120 C at a rate of 10 C min1.
2.7. Pasting properties
The pasting properties of the starches were determined by a
Rapid Visco Analyser (RVAe4, Newport Scientiﬁc, Australia) using a
Standard Analysis 1 proﬁle. A starch sample of 3.0 g (14 g/100 g wetbasis) was weighted in the RVA canister and 25 mL of distilled
water was then added to the canister. Pasting temperature, peak
viscosity, breakdown, ﬁnal viscosity and setback were recorded.
2.8. Statistical analysis
The statistical model used to carry out the experiment design
was completely randomized with means comparisons by Tukey's
test to a 5% signiﬁcance level using an analysis of the variance
(ANOVA) for the following analyses: starch yield from isolation,
chemical composition and pasting properties.
3. Results and discussion
3.1. Extraction yield of starch and chemical composition
HMTapplied to rice grains reduced the extraction yield of starch
with an increase in treatment time (Table 1). Rice grains without
HMT showed 66.5 g/100 g extraction yield of starch and the rice
grains treated with 10 min, 30 min and 60 min of HMT presented
extraction yield of 40.0 g/100 g, 33.5 g/100 g and 20.0 g/100 g
respectively. In our previous work (Arns et al., 2014) that was
applied HMT in paddy rice, that the aimwas to know the effects on
the rice grains before parboiling process, it was notice that HMT in
grains promoted increasing on rice cooking time. The cooking time
increasing is due to the greater mobility and subsequent restruc-
turing of starch and/or changes in the protein bodies present in the
grain, caused by long exposure to high temperatures of HMT, and
the probable reduction in the internal spaces, causing higher
resistance of the grain and thus hindering water absorption, also
internal restructuring of the grain with increasing time of HMT,
requiring longer time and a greater amount of water for their
cooking (Arns et al., 2014). So, it was observed low extraction yield
of starch from HMT-treated grains. This result may be the result of
some protein complexation or denaturation, preventing its solu-
bilization during the starch extraction by alkaline solubilization
method and making more difﬁcult the separation of starch and
protein. In addition, HMT in starches usually reduces the swelling
power and solubility (Zavareze & Dias, 2011).
Extraction yield rates of rice starch were lower than those found
byWang andWang (2001) who extracted rice starch by the alkaline
method and found 72.2 g/100 g extraction yield. The difference
between the values of extraction yield reported in the literature
may be due to cultivar, grains chemical composition, environ-
mental variations during production, growing conditions (soil type
and fertilization), harvest times, intensity of polishing and extrac-
tion method employed to obtain rice starch.
Starches isolated from unmodiﬁed (native) rice grains and from
HMT-treated rice grains for 10, 30 and 60 min showed low residues
of proteins, lipids and ash. Starches of grains treated with HMT at
different treatment times showed a higher protein content when
Fig. 1. Scanning electron micrographs of rice starches: native starch (aeb), HMT 60 min grain starch (ced) and HMT 60 min starch (eef), magniﬁed 2000 and 5000.
Table 2
Thermal properties of HMT grain starches and HMT starches at different treatment
times.
Starchesa HMT time
(min)
Gelatinization temperature Enthalpy
(J/g)
To (C) Tp (C) Tc (C) Tc  To (C)
Native unmodiﬁed 56.43 62.38 68.42 11.99 9.13
HMT grain
starch
10 55.84 63.12 68.70 12.86 7.81
30 55.31 63.71 68.87 13.56 6.52
60 55.76 65.08 71.84 16.08 7.13
HMT starch 10 57.68 63.55 69.86 12.18 6.10
30 56.55 65.99 71.37 14.82 7.11
60 56.40 68.26 72.37 15.97 6.47
a HMT: heat-moisture treatment.
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pure starches fromHMTgrains, eliminating some interference from
proteins, ﬁbres or fat. A good extraction efﬁciency of starch is
characterized by low protein, fat and ash residues. Zavareze et al.
(2009) studied the extraction efﬁciency of rice starches with high,
medium and low amylose content, and found 1.03 g/100 g protein
residues in starch isolated from high amylose ricewhich had 8.42 g/
100 g protein in the grain, using the alkaline extraction method.
3.2. Morphology of starch granules
The morphology of the starch granules was evaluated using a
scanning electron microscope (Fig. 1aef). Rice starches micro-
graphs showed the presence of polyhedral granules. The micro-
graphs shown in Fig. 1cef are only the most intense hydrothermal
treatment (HMT-60 min). The HMT did not affect the morphology
of the starch granules of rice in all treatments (data not shown).
Several authors reported that the HMT did not change the size
and shape of the taro, maize, cassava, wheat, rice and potato starch
granules (Gunaratne & Hoover, 2002; Hoover & Vasanthan, 1994;
Khunae, Tran, & Sirivongpaisal, 2007). However, according to
Kawabata et al. (1994), HMT formed cracks on the surface of maize
and potato starches and the hollowing of granules. Zavareze, Halal,et al. (2012), Zavareze, Pinto, et al. (2012) reported that starches
treated with high moisture contents (20 and 25 g/100 g) presented
signs of disintegration when compared to that of native starches.
3.3. Thermal properties
The gelatinization parameters of native rice starch, rice starches
extracted from grains treated with HMT and rice starches treated
with HMT extracted from grain without modiﬁcation are shown in
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(Fig. 2). The initial temperature, peak temperature, conclusion
temperature (Tc), gelatinization enthalpy, and difference Tc  To,
that suggests heterogeneity of the crystals, were determined.
According to Alvani, Qi, Tester, and Snape (2011), the peak
temperature of gelatinization provides a measure of crystal struc-
ture, possibly including the lengths of linkages double helix.
Gelatinisation enthalpy indicates the loss of molecular organization
or the breaking of hydrogen bonds within the granule.
Starches extracted from HMT-treated grains and HMT starches
extracted from grains without modiﬁcation showed slight increase
Tp and Tc when compared to those of native starch, whereas the
highest rates were found for starches treated with HMT 60 min
(Table 2). Starches treated with HMT 60 min extracted from the
grains without modiﬁcation had greater effect in gelatinization
temperatures when compared to starch extracted from grains
treated with HMT 60 min. The strengthening intramolecular bondsFig. 2. DSC curves of HMT grain starches (a) and HMT starches (b) at different treat-
ment times. HMT: heat-moisture treatment.promoted by the HMT required a higher temperature to gelatinize
the starch granules. Starches extracted from grains treated with
HMTand HMTstarches extracted from grains withoutmodiﬁcation,
treated with 30 and 60 min showed a slight increase in DT when
compared to that of native starch. Great differences in temperature
range suggest that the degree of heterogeneity of the crystals
within the granules of rice native starch was different from HMT
rice starches.
The hydrothermally treated starches, HMT starches extracted
from grains without modiﬁcation and starches extracted from
grains treated with HMT, had slightly lower gelatinisation enthalpy
when compared to native starch (Table 2). According to Hormdok
and Noomhorm (2007), enthalpy reduction after HMT indicated a
partial gelatinization of some less heat stable granules. However,
HMT used in current work was carried out at 13 g/100 g moisture.
Since it prevented a partial gelatinization of starch granules, the
enthalpy decrease may be due to the breaking of crystals, which
were less stable, and thus require less energy to rupture the
crystals.
Chung, Liu, and Hoover (2010), who studied the effect of tem-
perature (100 and 120 C) of the hydrothermal treatment on the
thermal properties of pea and lentil starches modiﬁed with 30 g/
100 g moisture, reported an increase in To, Tp and Tc of starches
with increased HMT temperature. The behaviour has been attrib-
uted mainly to interactions between amyloseeamylose and
amylose-amylopectin (Hoover & Vasanthan, 1994). Chung et al.
(2010) also suggested that high temperature prevailing during
HMT increase the mobility of double helixes that form the crystal
structure, leading to a breakage of hydrogen bonds of double he-
lixes between the adjacent ones, with a decrease in the enthalpy of
hydrothermally treated starches when compared to that of native
starches.
The endothermic curves of HMT-treated starches extracted from
rice grains without modiﬁcations showed two peaks (two-phase
transition) in 30 min and 60 min treatments, with more emphasis
on the 60 min treatment (Fig. 2b). The second peak appeared as a
shoulder to the right of the main peak. Jiranuntakul et al. (2011)
reported the same behaviour in normal and waxy maize starches
subjected to HMT. This biphasic transition indicated that two
crystalline regions with different heat stability were formed during
the HMT. The biphasic endotherms observed might be associated
with the granule architecture, such as, the distinct two-type
blocklets, that are differently susceptible to the HMT, resulting in
two crystalline regions that exhibited different melting tempera-
tures. These interactions consequently reduced the mobility of the
amylopectin chains, leading to increases in gelatinization temper-
atures and DT (Jiranuntakul et al., 2011).
The thermal behaviour also was assigned to some trans-
formation of the intercrystalline amorphous regions to amorphous
phases, providing more freedom to the amylopectin short chains in
the crystalline structure. Thus, the crystalline micelles undergo a
structural transformation toward an increased thermodynamic
stability, resulting in the high-temperature endotherm (Lim, Chang,
& Chung, 2001).
3.4. Pasting properties
Table 3 shows pasting properties of native starch, starches iso-
lated from HMT grains and HMT starches extracted from grains
without modiﬁcation. RVA curves describe the viscoamylograph
behaviour of the starches (Fig. 3).
Although the HMT in rice grains and rice starch increased the
pasting temperature of the starches, there was no inﬂuence of
treatment time. Increase in pasting temperature promoted by HMT
indicated a strengthening of links and some interaction between
Table 3
Pasting properties of HMT grain starches and HMT starches at different treatment
times.
Propertiesa Starch Native HMT time (min)
10 30 60
Pasting
temperature
(C)
HMT grain starch 79.33 aB 83.15 aA 82.50 aA 83.65 aA
HMT starch 79.33 aB 81.32 aAB 82.33 aA 83.22 aA
Peak viscosity
(RVU)
HMT grain starch 259.79 aA 229.94 bB 228.64 bB 213.78 aC
HMT starch 259.79 aB 275.3 aA 233.95 aC 228.11 aD
Breakdown
(RVU)
HMT grain starch 20.75 aA 14.71 aB 12.67 aB 6.13 aC
HMT starch 20.75 aA 15.53 aB 6.47 bC 5.25 aC
Setback (RVU) HMT grain starch 123.75 aA 113.80 aA 100.39 bB 85.72 bC
HMT starch 123.75 aA 113.71 aA 117.67 aA 113.80 aA
HMT: heat-moisture treatment.
a Values accompanied by lowercase letter in the same column, for each property,
and uppercase letters in the same row, statistically differ (p < 0.05).
Fig. 3. Curves of pasting properties of HMT grain starches (a) and HMT starches (b) at
different treatment times. HMT: heat-moisture treatment.
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within the starch granules. Further, HMT reduced the breakdown of
rice starches, with the lowest value of breakdown registered for
HMT 60 min (Table 3). Decrease in the breakdown promoted by
HMT indicated that hydrothermal treatment increased the me-
chanical and thermal stability of rice starches. HMT also promoted
the strengthening of links when interactions between the amylose
and amylopectin molecules increased, forming a more stable
structure.
Starches extracted from HMT grains and HMT starches had a
lower peak viscosity than native starch, with the exception of HMT
starch with 10 min treatment when an increase occurred in com-
parison to that of native starch. HMT also reduced the starches ﬁnal
viscosity with the time increase of HMT. The resistance of the HMT
starch swelling is due to rearrangement of the internal forces that
reduce the swelling and stabilize the starch granules to mechanical
fragmentation. The decrease in peak viscosity may be attributed to
increased molecular binding forces in the starch chains. Adebowale
et al. (2005) studied HMT bean starch and attributed viscosity
reduction to the starch molecular reorganization caused by the
HMT, which provided a limitation in the hydration and conse-
quently a lower swelling capacity.
HMT applied on rice grain decreased the setback of starches
with increasing treatment time (30 and 60 min). However, HMT
applied directly on starches showed no signiﬁcant differences
when compared to the native starch. Lan et al. (2008) related that
the capacity of retrogradation is inﬂuenced by the size of starch
granules, the presence of swollen non-fragmented granules and the
amount of amylose leached whilst Chung et al. (2009) reported that
HMT reduced the leached amylose in starch granules. Straight chain
lipids, e.g. fatty acids, are present in the whole rice grains, can
interact to form inclusion complexes with the helical conformation
of amylose molecules and the lipid molecules occupying the helical
cavity (Putseys, Lamberts, & Delcour, 2010). Bienkiewicz and
Kołakowska (2004) studied the effects of thermal treatments on
ﬁsh lipids-amylose interaction and veriﬁed that treatments applied
(microwave heating or freezing) exert different and signiﬁcant ef-
fects on ﬁsh lipids-amylose starch interactions. The same does not
apply in the case of amylopectin molecules for steric reasons.
Complex formation restricts the solubility and mobility of amylose.
This, in combination with steric hindrance brought about by
complexation, prevents amylose double helix formation and crys-
tallization. Amylose double helices might function as nuclei for
retrogradation by cocrystallizing with amylopectin (Putseys et al.,
2010). The long HMT time favour the lipid-amylose complexes
decreasing the retrogradation.4. Conclusion
HMT in rice grain or directly in rice starch affects differently the
thermal and pasting properties of rice starches and these effects are
intensiﬁed by treatment time. HMT reduces extraction yield of
starch by the alkaline method with increasing time of exposure to
high temperatures, suggesting an alteration in the structure of
starch-protein. This behaviour is not very well clear; however it is
possible that the method of protein solubilization used to isolate
the starch from HMT grains by sodium hydroxide solution can be
not efﬁcient. Studies on best HMT time and the use of proteases
may be suggested, coupled to other methods of protein solubility to
improve starch extraction efﬁciency. The HMT in grains decreases
B. Arns et al. / LWT - Food Science and Technology 60 (2015) 708e713 713the setback of the isolated starches, due to amylose-lipid
complexation induced by high temperatures applied on modiﬁca-
tion. Also hydrothermal treatment increased the mechanical and
thermal stability of rice starches and promoted the strengthening
of links, forming a more stable structure. Further studies are highly
relevant on controlled wetting of rice grain or on the use of grain
with highmoisture at harvest as an alternative for different types of
rice starch subjected to HMT.
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